The functional diversity of large-conductance Ca 2+ -and voltage-dependent K + (BK) channels arises mainly from co-assembly of the pore-forming mSlo α subunits with four tissue-enriched auxiliary β subunits. The structural basis of the interaction between α subunits with β subunits is not well understood. Using computational and experimental methods, we demonstrated that four mSlo turrets decentralized distally from the channel pore to provide a wide open conformation, and that the mSlo and hβ4 subunits together formed a "helmet" containing three basic residues (K120, R121 and K125), which impeded the entry of Charybdotoxin (ChTX) by both the electrostatic interaction and limited space. In addition, the tyrosine-insert mutant (in100Y) showed 56% inhibition, with a K d =17 nM, suggesting that the hβ4 lacks an external ChTX binding site (Tyr100). We also found that mSlo had an internal binding site (Tyr294) in the α subunits that could "permanently" block 15% of mSlo+hβ4 currents in the presence of 100 nM ChTX. These findings provide a better understanding of the diverse interactions between α and β subunits and will improve the http://www.jbc.org/cgi
The functional diversity of large-conductance Ca 2+ -and voltage-dependent K + (BK) channels arises mainly from co-assembly of the pore-forming mSlo α subunits with four tissue-enriched auxiliary β subunits. The structural basis of the interaction between α subunits with β subunits is not well understood. Using computational and experimental methods, we demonstrated that four mSlo turrets decentralized distally from the channel pore to provide a wide open conformation, and that the mSlo and hβ4 subunits together formed a "helmet" containing three basic residues (K120, R121 and K125), which impeded the entry of Charybdotoxin (ChTX) by both the electrostatic interaction and limited space. In addition, the tyrosine-insert mutant (in100Y) showed 56% inhibition, with a K d =17 nM, suggesting that the hβ4 lacks an external ChTX binding site (Tyr100). We also found that mSlo had an internal binding site (Tyr294) in the α subunits that could "permanently" block 15% of mSlo+hβ4 currents in the presence of 100 nM ChTX. These findings provide a better understanding of the diverse interactions between α and β subunits and will improve the
INTRODUCTION
It is well known that functional diversity of large-conductance Ca 2+ -and voltage-dependent potassium (BK) channels arises mainly from co-expression of the pore-forming α subunits with the tissue-enriched auxiliary β subunits (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . Four mammalian β genes (β1-β4) are responsible for a variety of the kinetic and pharmacological characteristics of BK channels in native tissues, even though they share sequence homology. For instance, the brain-enriched hβ4 subunits not only alter the conductance-voltage curve of mSlo channels, but also slow both the activation and deactivation time courses, suggesting that β4 plays a critical role in the regulation of neuronal excitability and neurotransmitter release (9) . Furthermore, results from experiments with a β4 knock-out showed reduced dentate gyrus excitability and protection against temporal lobe seizures(11). Natural venomous peptides have been used widely to probe the pore conformation of potassium channels. One particular scorpion toxin, charybdotoxin (ChTX), was used to probe the pore structure of BK channels. It is known that the α+hβ1 has a K d for ChTX, similar to that of mSlo channels (4) . However, BK channels associating with the β2 or β3 subunits usually have about 30-fold lower sensitivity to ChTX in equilibrium (3, 4) , whereas the α+hβ4 channel has about 1000-fold slower association with the toxin (7) . Is there a common mechanism working for all of four β genes?
To explore the toxin resistance mechanism of hβ4-subunits, Jin et al. (2002) (12) investigated how the N-linked glycosylation of the hβ4-subunit modulated the toxin sensitivity of hSlo+hβ4 channels. They confirmed that the double glycosylation site mutated in hβ4 showed reduced protection of the channel against toxin blockade as compared with the hSlo channel co-expressed with the wild type hβ4 subunits. Another study is in regard to the removal of the rectification of BK channels co-expressed with hβ3b subunits (13) . The extracellular application of 20 mM dithiothreitol (DTT) completely removed the outward rectification of α+hβ3b channels and restored the sensitivity of α alone to ChTX. All β subunits of BK channels contain a cysteine-rich extracellular segment linking two transmembrane segments. DTT can reduce the disulfide linkages of the outer region of β subunits to restore the sensitivity to toxins. Accordingly, it is necessary to understand why the hβ4 subunit has such low sensitivity to ChTX. In this study, we investigated whether the aromatic and electrostatic interactions between the peptide and BK channel could affect toxin sensitivity, which may help us better understand the various co-assembly pathways of BK channels, and provide clues for optimal peptide design in the future.
EXPERIMENTAL PROCEDURES

Constructs
The full length cDNA for mSlo1 and hβ4 were subcloned into pcDNA3.1 Zeo(+) and pIRES2-EGFP (BD Biosciences Clontech), respectively. Mutations were created with the QuickChange Site-Directed Mutagenesis Kit (Stratagene). All of the constructs were verified by DNA sequencing.
Cell Culture and Transfection
HEK293 cells were cultured in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum (FBS) and incubated at 37℃ in 5% CO 2 . One day before transfection, cells were transferred to 24-well plates. At 90% confluence, cells were transiently transfected using Lipofectamine2000 (Invitrogen). Electrophysiological experiments were performed at 1-2 day after transfection.
Solutions
Cells were maintained in ND-96 solution (PH 7.5) 
Patch Clamp Recording
Patch pipettes were pulled from borosilicate glass capillaries with resistance of 2-4 MΩ when filled with pipette solution. An inside-out or outside-out patch was excised from the transfected HEK293 cells. Experiments were performed using a PC2C patch-clamp amplifier with corresponding software (InBio, China). Currents typically were digitized at 100 kHz and filtered at 5 kHz.
During recording, the corresponding solutions were perfused locally into cells via a perfusing pipette containing seven solution channels. All experiments were performed at room temperature (22-25℃) .
Data Analysis
Recorded data were analyzed using Clampfit(Axon Instruments, Inc.), Sigmaplot (SPSS, Inc.) software. Unless otherwise stated, the data are presented as mean±S.E.
The conductance-voltage (G-V) curves for activation were generated from steady-state currents, converted to conductance and then fitted by the single Boltzmann function with the form:
(Eq. 1) where V 50 is the voltage at which the conductance (G) is half the maximal conductance (G max ) and κ is a factor affecting the steepness of the activation. The time courses of onset (or start to block) and offset (or recovery from blockade) were fitted with the first-order blocking reaction, in which the time constants of onset and offset were given by , b is the drug dissociation rate in s -1 .
During application of drug (for t 0 <t≤t 1 ), I(t)=(I 0 -I r )*exp(-t/τ on )+I r (Eq. 2) During recovery (for t>t 1 ), I(t)=I 0 -(I 0 -I r )*exp(-(t-t 1 )/τ off ) (Eq. 3) where I 0 is the mean control current amplitude, I SS is I 0 *b/(f*[drug]+b) (which indicated a steady-state level of current during blockade by a given drug concentration), I r is the empirically determined current that is unblocked at the end of the drug application period, t=0 at the time of the drug application, and t1 is the time of drug washout. The equilibrium dissociation constant K d was defined by K d =b/f=[CTX]/( (τ off /τ on )-1) (14) .
Construction of the mSlo and hβ4 structure models
With the exception of the channel turret, the central pore and transmembrane domains of mSlo share strong sequence identity with the structurally determined K + channel Kv1.2 ( Fig. 1C ). Based on this, we constructed the closed mSlo structure using three steps: (i) The mSlo turret conformation was obtained through a segment-assembly homology modeling method (15, 16) ; (ii) The rest of the mSlo structure was directly modeled using the KcsA structure (PDB: 1BL8) as a template through the SWISSMODEL server (http://swissmodel.expasy.org/SWISS-MODEL.ht ml); (iii) These segments were co-assembled into an intact mSlo structure, whose turret is similar to that of the Kv1.2 structure (PDB code: 2A79) (Fig.  1D) . Finally, 5 ns unrestrained molecular dynamic simulations were performed with this model to obtain an equilibrated conformation of mSlo.
In this work, only a partial extracellular region (105 aa-137 aa) of the hβ4 subunit was selected to predict the possible interaction between mSlo and hβ4 because the selected region is rich in basic residues (Lys120, Arg121 and Lys125), which would be predicted to be the only possible region to bind the acidic residues in the mSlo turret via a salt-bridge interaction. Using our previous hERG channel turret as a template(16), the starting hβ4 structure was modeled and the "qualified" β4 structures were obtained from the dynamic conformation-sampling during the 5 ns molecular dynamic simulations of initial model. In order to obtain a favorable and stable mSlo+hβ4 complex, the selected "qualified" β4
conformations were placed near the mSlo turret region within a distance of 20Å, followed by unrestrained 8 ns molecular dynamic simulations to screen for the final reasonable and equilibrated mSlo-hβ4 conformation.
Protein docking and moleular dynamics simulation.
All of the 12 ChTX conformations from NMR (PDB code: 2CRD) and the modeled mSlo structure were used to improve the rigid docking performance of the molecular mocking algorithm ZDOCK. The following procedures of clustering and screening of reasonable ChTX-mSlo complex structures were similar to our previous work (15, 16) .
After stepwise pre-equilibrations (the detailed procedures were the same as described previously (16)), the final ChTX-mSlo and mSlo+β4 complex structures were sufficiently equilibrated by 8 ns molecular dynamic simulations using the Amber 8 program(16) on a 66-CPU Dawning TC4000L cluster (Beijing, China), during which all interaction regions in the complex were totally unrestrained. The ff99 force field (Parm99) ) (17) was applied throughout the energy minimization and MD simulations.
Results
Open structural conformation of the mSlo turret.
It is known that the ChTX blocks BK mSlo channel with an equilibrium dissociation constant K d of 2~4 nM (4, 7, 18 ). An estimation of the approximate K d for blockade by ChTX can be obtained from two exponential fits of the onset (block) and offset (unblock) time courses (See Materials and Methods). With the use of this procedure, 100 nM ChTX blocked the mSlo currents with τ on =5.4 s and τ off = 147.1s, which conferred a K d =3.8 nM (Fig. 1A) . In the Shaker potassium channel, the residue Thr449 corresponding to the Tyr294 (mSlo) was found to be essential for ChTX binding in the linker between the K + ion selectivity filter and the S6 transmembrane helix (19) . For characterizing the interaction between ChTX and mSlo, the mutant Y294V (mSlo) was selected to investigate the effect on ChTX association. In Fig. 1B Comparison of the sequences between the classical K V 1.2 channel and the mSlo channel revealed a nine amino-acid difference in the turret length (Fig. 1C) . To understand this discrepancy, a computational technique was used to determine the structural conformation of the mSlo turret (15, 16) . For the unbound mSlo channel, the starting structure of mSlo was found to be very unstable during the 5 ns molecular dynamic simulations (MDs). The four turrets of the mSlo channel dispersed each other from the pore region (Fig. 1C) until equilibrium was reached in the structure. The equilibrated structure of mSlo was used to calculate the structural conformation of mSlo-ChTX complex through docking and 8 ns MDs (Fig. 1D-E) .
In the mSlo-toxin complex structure, the Tyr294 residue in the filter-S6 linker is located just below Tyr36 (ChTX) within a contact distance of 4Å (Fig. 1D) . Undoubtedly, this is a key residue for the BK channel to bind with ChTX, because the valine substitution of Tyr294 (Y294V) results in a large loss of sensitivity to ChTX (Fig. 1B) . In contrast, four Phe266 residues, residing in the middle of each turret, are located more distally from ChTX (Fig. 1C-D) . Therefore, these likely will not serve as a binding sites, which is consistent with the previous experimental results (20) . In conclusion, both the unbound and bound structures of mSlo reveal that it has an open conformation with four dispersive and flexible turrets.
A tyrosine insertion in hβ4 increases the channel sensitivity to ChTX.
With the exception of the β1 subunit, BK channels composed of mSlo α and the β2/β3 subunits show ten times lower sensitivity to ChTX compared with α channels alone (3, 4, 18) . Notably, the sensitivity of α+β4 to the scorpion toxins, e.g. ChTX, is 1000-fold lower than that of α alone (7, 12) . Since the number of β subunits per channel greatly affect the sensitivity to the toxin (1, 21, 22) , it is very important to insure the 1:1 stoichiometry of α+β4 subunits in all β4 experiments. For this purpose, we over-expressed β4 by transfection, then examined the activation and deactivation rates of α+β4 currents to insure four β4 per channel (See sFigure1 in the supplementary file).
Compared with the currents of α alone channels, we showed that the currents of α+hβ4 channels were reduced by only about 10% in amplitude after a two-minute exposure to 100 nM ChTX (Fig. 2A) . The on-time course of ChTX blocking the α+hβ4 currents was slow and the off-time course was much slower, which suggested that ChTX must be confined within a very narrow space. In addition, the Y294V+hβ4 currents showed almost no inhibition in response to 100 nM ChTX compared with about 10% inhibition of the α+β4 currents (Fig. 2B) , indicating that Tyr294 of α+hβ4 channels is a binding site that ChTX can only partially access. Furthermore, it may explain the fact that about 20% irreversible inhibition by ChTX often occurs in experiments relevant to the β2 and β3 subunits(4). This likely indicates that a "helmet" formed by both the turret of mSlo and the outer segment of hβ4 seriously impedes the ability of ChTX to approach the residue Tyr294 (mSlo).
Of the four β subunits, only the β4-subunit is missing the conserved Tyr100 residue (Fig. 2C) . Thus, restoration of the missing residue Y in β4 might reestablish higher sensitivity to the toxin. In good agreement with our hypothesis, the sensitivity of the α+hβ4 channels to ChTX increased dramatically after inserting Tyr100 into hβ4 (Fig. 2D) . The insertion conferred a slower recovery time constant indicating it's the higher affinity of hβ4 to the toxin. In Fig. 2E,  Y294V+in100Y showed an approximately 35% inhibition of currents with an onset time constant of τ on =34.6 s and an offset time constant of τ off =74.9 s, of which τ off was faster than that of α+in100Y (Fig. 2D) . The difference between Y294V+in100Y and Y294V is that the former τ off is two-fold longer than the latter (Fig. 1B and Fig.  2E ), indicating that in100Y has a higher affinity to ChTX than WT β4. The fast on-time course also indicates that Tyr100 is an easily accessible site for the toxin. To study the function of the introduced tyr100, we constructed a β4-mutant (in100V). In Fig. 2F , no more than a 20% reduction in the amplitude occurred in α+in100V channels, which was comparable to the 10% reduction in α+β4. Surprisingly, the on-time and off-time courses of α+in100V appeared to be much faster than that of α+β4, indicating that both the on-rate and off-rate of in100V are much faster than that of β4. Therefore, in100V had only low affinity to ChTX, which showed that the inserted aromatic residue tyrosine is a critical binding residue for ChTX. This may explain why in100V only gave a slight reduction in amplitudes in response to 100 nM ChTX. In Fig. 2F , the slower recovery time course probably resulted from the Tyr294 with the higher affinity to ChTX, because it also appeared on the off-time course of α+hβ4 ( Fig. 2A) . Therefore, we inferred that Tyr294 is the binding site for ChTX and the inserted Tyr100 is the missing binding site of ChTX.
Basic residues of the extracellular segment of β4 retard the inhibition by toxins.
Peptidyl scorpion toxins typically are rich in basic residues. For instance, ChTX has six net positive charges (Fig. 3A) . One in particular, Lys27, inserts its positively charged side chain into the outer vestibule to obstruct BK channels (Fig.  1E,F)(23-25) . The middle region of the β4-subunit contains more basic residues compared with the ChTX-sensitive β1-subunits ( Fig. 2A) . To examine their function, a couple of β4-mutants (K120VR121D and K125T) were co-expressed with the α subunits. In Fig. 3B -C, both α+hβ4-mutant channels exhibited a faster blocking time course, suggesting increased sensitivity to the toxin. Therefore, three basic residues (Lys120, Arg121 and Lys125) must play an important role in the blockade of ChTX.
Taken together, our results predicted that the double-mutations (K120VR121Din100y and K125Tin100y) would show increased sensitivity to ChTX. In line with our hypothesis, the double-mutation K125Tin100Y and K120VR121Din100Y in fact did accelerate the blocking on-time course to yield a K d~7 nM, which was about a two-fold greater K d for α alone (Fig. 3D-F) . In Fig. 3 , the results showed a slower recovery time course when all the mutants contained an inserted tyrosine at position 100, suggesting that this is a missing binding site for β4.
In conclusion, the restoration of ChTX sensitivity indicates that both the missing Tyr100 and the basic residues (Lys120, Arg121 and Lys125) make β4 distinctly different from the other β subunits.
In Fig. 4 , mutant 4K4D shows greater sensitivity to ChTX than wild type hβ2, suggesting that the electrostatic interaction is a common feature between peptides and mSlo+β channels. In contrast to mutant In100V (hβ4), mutant Y130V (hβ2) showed higher affinity to ChTX, suggesting that Tyr130 is an important site for binding to the ChTX-hβ2 complex. Interestingly, mutant Y90V (hβ1) showed no effect with respect to ChTX sensitivity compared with hβ1 (Unpublished data), indicating that the outer structural conformation varies across the β family. However, the electrostatic interaction likely becomes the common factor affecting ChTX binding.
Closed structural conformation of the mSlo+hβ4 complex.
As mentioned previously, the turrets of the mSlo α-subunits form an open conformation in the extracellular pore region. After association with the hβ4-subunits, the extracellular structural conformation of BK channels should have a "helmet" structure. We inferred that the cluster of three acidic residues (Glu257, Asp261 and Glu264) in the mSlo turret might form a salt-bridge with the cluster of three basic residues (Lys120, Arg121 and Lys125) lying in the outer segment of hβ4. Through a series of structural modeling and calculations by 8 ns MDs, the equilibrated structure of the mSlo+hβ4-coil complex was obtained (Fig. 5A-B) . To investigate the range of conformational movement, we selected the Glu264 of turret as the reference residue, and found that the average distance between the two next Cα atoms was about 20 Å (Fig. 5A) . Therefore, the synergic action of both mSlo and hβ4 subunits via electrical interaction most likely helps to form a "helmet" with the eight-carbon positively charged ring, which effectively can impede the entry of lysine-rich ChTX with six positive charges by both electrical repulsion and spatial inhibition (Fig.  5C-D) . The mutants K120VR121D and K125T can restore ChTX sensitivity probably by reducing the repulsive force of the electrostatic field and somehow demolishing the elaborate helmet structure. This significant conformational change in the mSlo channel not only reveals that the turret of the mSlo subunits is fully flexible, but also suggests that the turret domain plays an essential role in the intrinsic function of the channel. At least, the closed structural conformation of mSlo+hβ4 is critical in maintaining the charged "helmet" for resisting ChTX entry (Fig. 5A-B) .
DISCUSSION
Of the four β subunit family members, only the brain-enriched hβ4 shows extremely low sensitivity to the toxin. In an effort to explore the mechanism, we had tremendous difficulties due to the lack of structural conformation of hβ4-subunits. With the application of computational and experimental methods, we revealed that a plausible conformational rearrangement of the α+hβ4-coil subunits might lead the channel to resist the binding of ChTX via both electrostatic interaction and limited space. Figure 6 shows a cartoon used to explain how the ChTX selectively recognizes the mSlo channel in the presence and absence of hβ4-subunit (Fig. 6A-C) . The mSlo channel is like a blooming flower with four scattering petals and the ChTX peptide represents a bee that specifically recognizes the mSlo channel (Fig. 6A) . When co-expressed with the hβ4-subunit, BK channels will become an alabastrum with four hβ4 subunits acting as peripheral "petals" (Fig. 6B) . In reality, the structure resembles a "helmet" maintained by salt-bridge interactions. Simultaneously, the positive charges located at the top of α+hβ4 can effectively control the recognition of the lysine-rich ChTX. Removal of those basic residues may fully or partially disassemble the "helmet". At this stage, reopening of the turret of the BK channel behaves like a half-blooming flower (Fig.  6C) .
Compared with the other three β subunits, the hβ4-subunit lacks the tyrosine at position 100 and contains a cluster of basic amino acids within the 120 aa-125 aa coil of the hβ4 extracellular region. Thompson and Begenisich reported that protonation of a single amino acid Phe425 (or F425H) had an unexpectedly large effect on the affinity of the shaker channel for ChTX (26) and inferred that an electrostatic environment near position 425 might be basic in nature. In this study, there are six positive charges along ChTX that interact with approximately eight positive charges in the coil of hβ4. Thus, the electrostatic repulsion at the peptide-channel interface can impede the approach of ChTX to the channel vestibule. In addition, an electrostatic field can change the local concentration of peptides.
In the supplementary file, we show V 50 , activation (τ a ) and deactivation (τ d ) time constants of WT and its mutants (sFigure 1-3 and sTable 1). According to V 50 for 0 or 10 μM Ca 2+ , τ a and τ d for 10 μM Ca 2+ , all mutants in either mSlo1 or β4 subunit did not show significantly modifications of the apparent calcium-voltage sensitivity as would have been observed with WT β4. In other words, none of the mutants showed significant differences in activation (τ a ) and deactivation (τ d ) time constants compared with mSlo1+β4, except that Y294V+in100V had an acceptable 17.7 mV-shift in V 50 . The lack of effect of ChTX on β4 likely is due to the presence of the basic residues (K120, R121 and K125) in the β4-loop that impede ChTX entry. For example, both β4 and the mutant K120VR121D have similar calcium-voltage sensitivities (sFigure 3 and sTable 1), but the mutant K120VR121D has a K d =27 nM (Fig. 3B) , indicating that the lack of effect of ChTX is not due to a shift in calcium/voltage sensitivity in the presence of the β4 subunit compared to the α subunit alone. Compared with WT, none of the mutants induced obvious changes in V 50 , indicating that the α subunits always associated with the β subunits. Therefore, our results, derived from the pharmacological effect of ChTX on those channels, suggested that the residues studied here were important for ChTX binding per se.
Our results revealed that both Tyr294 of the α subunits and the missing Tyr100 of the β4 subunits are the possible binding sites for ChTX, arising from either a direct association or a binding domain relevant to the residues. Tyr294 showed higher affinity to the toxin than Tyr100. Thus, there are two different K d possibly appearing in the ChTX inhibition experiments. The lower K d comes from Tyr294, while the higher K d results from the missing Tyr100. Notably, the 10-20% "permanent" inhibition mediated by Tyr294 could be neglected in the experiments involving β2 and β3 subunits.
All β subunits have a large cysteine-rich and highly-glycosylated outer segment, which possibly forms a compact structure over the channel vestibule(23). Furthermore, the structural calculation for the bound or unbound state of mSlo ( Fig.1F-H) suggests that the mSlo turret has enough flexibility to interact with β-subunits in diverse ways. Thus, removal of cysteine or glycosylation can affect the whole structural conformation and alter the sensitivity of mSlo+hβ4 channels to the toxin.
Although the incomplete picture of the outer structural conformation of hβ4 prevented us from precisely describing the mechanism of toxin-channel interaction, we still can use the toxin to probe the residues on the outer surface of BK channels to acquire additional structural information via site-direct mutagenesis and computational methods. Through modification of the charged residues of peptides, we can alter the selectivity of toxins to channels, which may accelerate the process of designing specific peptides in the future. 2.2s and 126.2±3.1s (n=5) for mSlo1+in100Y; 37.9±6.2s and 79.3±8.4s (n=5) for Y294V+in100Y. Others are the same as described in Fig. 2A-B.   FIGURE 3 . The basic residues of the hβ4 outer segment decrease the sensitivity of mSlo1+hβ4 channels to ChTX. A. The sequence alignment for peptidyl scorpion toxins. The boxed residues in dark gray are the identical residues. The asterisks marked at the top of sequence indicate basic residues in the peptides. B-E, The current traces and time courses of blockade on mSlo+K120VR121D, mSlo+K125T, mSlo+K120VR121Din100Y, and mSlo+K125Tin100Y channels are the same as described in Fig. 2 , except the time intervals between two repetitive voltage protocols were 10s for mSlo+K125T and 5s for others. Dotted lines represent the zero current. The fractional blocking, activation (τ a ) and deactivation (τ d ) time constants are: 0.93±0.03 (n=5), 1.33±0.12ms and 2.35±0.29ms (n=11) for mSlo+K120VR121D; 0.95±0.07 (n=5), 1.58±0.24ms and 2.83±0.49ms (n=16) for mSlo+K125T; 0.93±0.02 (n=5), 1.61± 0.09ms and 3.86±0.85ms (n=10) for mSlo+K120VR121Din100Y; 0.93±0.02 (n=5), 1.52±0.11ms and 3.67±0.62ms (n=12) for mSlo+K125Tin100Y. F, On the left panel, the on-time constants (τ on ) of blockade of BK channels were obtained from a single-exponential fit to the time courses of reduction on current amplitude as shown in Fig. 2 and 3 . Values for τ on are as follows: 7.2±1.8s (n=5) for mSlo alone, 37.9±2.8s (n=4) for Y294V alone, 65.8±5.7s (n=4) for mSlo+hβ4, 12.7±2.2s (n=5) for mSlo+in100Y, 37.9 ± 6.2s (n=5) for Y294V+in100Y, 6.1 ± 0.6s (n=4) for mSlo+in100V, 32.8 ± 6.2s (n=5) for mSlo+K120VR121D, 31.6 ± 5.7s (n=5) for mSlo+K125T, 13.9 ± 1.8s (n=5) for mSlo+K120VR121Din100Y, 13.7 ± 1.2s (n=5) for mSlo+K125Tin100Y. On the right panel, the equilibrium dissociation constants (K d ) for ChTX blockade are only plotted for part of the BK channels as 
